Background and Objectives: Household social and environmental context are key elements of the disablement process, yet few studies explicitly examine the relationship between household composition, housing type, and disability progression. This study investigates the risk of older adults' disability progression by type of living arrangement (e.g., household composition, housing type) and whether the relationship varies by socioeconomic status.
A number of factors influence disability progression, including sociodemographics, age, and socioeconomic status (SES). In turn, living arrangements are closely tied with sociodemographic characteristics, health status, and wellbeing. Yet, the literature on the relationship between living arrangements and disability onset and progression is sparse and inconsistent (Stuck et al., 1999) . The available evidence suggests that who one lives with matters for one's health. For example, living alone or with nonspousal others (vs with a spouse/partner) is associated with increased risk of functional decline for both men and women (Li, 2005; Matthews et al., 2005) . Rarely, however, are living arrangements, the key independent variable in research on disability, and when they are, studies often rely on cross-sectional data, which cannot address the endogeneity between living arrangements and health. To date, no study has focused on both the social and physical components of living arrangements and their relationship with disability progression over time.
This study will address the gap in literature on the longitudinal relationship between living arrangements (both housing type and household composition) and disability progression. We do so by (a) estimating the risk of increasing disability by type of living arrangement and (b) investigating how the relationship between living arrangements and disability varies by SES.
Living Arrangements and the Disablement Process
The disablement process model suggests that disability is largely a social process; the degree to which conditions are limiting is shaped by one's environment and access to resources (Verbrugge & Jette, 1994) . Disability itself manifests differently in different contexts; however, the household context, including the management of tasks and relationships and the navigation of physical environments, is one critical component of the disablement process (Verbrugge & Jette, 1994) . Living arrangements represent older adults' most immediate social and physical environment and influence access to resources through available instrumental support from others in the house (or lack thereof). Still, although a number of studies use the disablement process framework, few explicitly focus on the role of living arrangements in the disablement process, and even fewer investigate the dual roles of housing type and household composition in disability risk.
Disability can be defined as having difficulty performing daily activities, such as activities of daily living (ADLs) and instrumental activities of daily living (IADLs), including household management and chores, self-care, hobbies, recreation, socializing, caregiving, errands, and travel (Reynolds & Silverstein, 2003; Verbrugge & Jette, 1994) . Because the definition of disability is tied to one's daily life, its meaning and manifestation vary depending on one's daily routine and environment. Older adults may not experience disability until they have a mismatch between their physical and cognitive abilities and their living arrangements. For example, older adults living in a multilevel home may find that arthritis in their lower body is highly disabling because they are no longer able to navigate stairs. Older adults living in a single-story home may not notice the disabling potential of the same condition because there are no stairs to contend with. Likewise, if someone else living in the household takes care of financial matters, grocery shopping, and other household chores, limitations in housework might be less apparent than if an older adult lived alone. For these reasons, it is important to take household environment into account when evaluating disability.
The relationship between living arrangements and disability status plays out in the context of an aging society and changing demographic trends, including a rise in the prevalence of living alone (including among older adults; Klinenberg, 2012) and an increase in the population of people living with nonspousal others and in multigenerational family households (Taylor et al., 2010) . There is a growing body of literature demonstrating a link between household composition and health. For example, living alone has been linked to higher rates of mortality (Klinenberg, 2003) , poorer mental health (Wilmoth & Chen, 2003) , and elevated risk of loneliness (Greenfield & Russell, 2011) . Living with nonspousal others has been linked with poorer mental health and quality of life (Greenfield & Russell, 2011; Henning-Smith, 2016a ). Furthermore, rates of disability are higher for older adults living alone and with nonspousal others than for older adults living with a spouse only (Henning-Smith, 2016b) . Still, findings are not consistent across the literature on the relationship between living arrangements and health and few studies have used longitudinal data to examine changes in health or disability related to living arrangements over time.
Beyond who one lives with, the characteristics of one's home appear to matter for health and well-being. For example, home ownership is associated with a lower risk of disability, even after controlling for SES (Matthews et al., 2005) , whereas home modifications are associated with a higher risk of future onset of limitations (Reynolds & Silverstein, 2003) . Still, a literature review on the relationship between housing characteristics, home modifications, and subsequent disability outcomes found limited evidence for the relationship between housing environment and disability due to cross-sectional study designs and poor research quality (Wahl, Fange, Oswald, Gitlin, & Iwarsson, 2009 ). This provides a call for longitudinal research that investigates the relationship between living arrangements and disability, taking into account housing characteristics.
Any study of the relationship between living arrangements and health outcomes must acknowledge the moderating effect of SES. Access to financial resources influences both the type of living arrangement one has, including access to safe, accessible housing, and the ability to afford housing modifications, the majority of which are paid for privately (Eriksen, Greenhalgh-Stanley, & Engelhardt, 2013) . SES is also a primary determinant in home ownership and quality, as well as in determining what level of home health care and instrumental support individuals with disabilities can afford out-of-pocket and whether or not they will need to move (e.g., in with adult children) to have care needs met. Although disability incidence is declining among older adults in the general population, the prevalence of disability has increased for those older adults with the lowest SES (Schoeni, Martin, Andreski, & Freedman, 2005) . Low income is associated with higher risk of disability onset (Grundy & Glaser, 2000) , whereas higher education attainment is protective against disability onset and progression (Liu, Chavan, & Glymour, 2013) .
Hypotheses
This study uses the disablement process as a framework to conceptualize the relationship between living arrangements and disability progression, accounting for SES. Not all living arrangements are equally supportive and some make people more vulnerable to poor health outcomes than others because of their physical characteristics or because of the composition of people living within the home. As a result, we hypothesize that there will be differences in the risk of increased disability by type of living arrangement. In particular, we expect to find that living with a spouse only, living in a single-family home, or living in self-rated highquality housing (traditionally viewed as "advantaged" living arrangements) will be associated with a lower risk of increased disability. We also expect to find that living in more accessible housing (e.g., all on one floor, with safety features and special features for getting around) will be associated with lower risk of increased disability. Finally, we hypothesis that a more stable relationship with one's home (e.g., not having moved recently and owning one's home vs renting) will be associated with lower risk of disability.
In addition to our hypotheses on the relationships between living arrangements and disability risk, we also hypothesize that the relationship between living arrangements and disability progression will differ by SES, with a more pronounced relationship between living arrangements and disability for the least wealthy older adults, owing to potentially inappropriate or unsupportive living arrangements. This study is novel in its inclusion of both household composition and housing characteristics and in the fact that it uses longitudinal data to model the progression of ADL and IADL disability separately, all while taking into account SES.
Design and Methods

Data and Sample
Data for this study were obtained from the 1998-2012 waves of the Health and Retirement Study (HRS), a nationally representative panel study of adults aged 51 or older and their spouses/partners, administered by the University of Michigan (Health and Retirement Study, 2015) . We limited the sample to community-dwelling adults aged 65 or older in 1998 who had at least two waves of observation between 1998 and 2012. Our final analytic sample consisted of 41,467 total observations over the eight waves of included data. Of those, three quarters of respondents were observed at least three times and nearly one third were observed in all eight waves, with an average of 6.4 waves per respondent.
Measures
Dependent Variable
We assessed disability progression by detecting an increase in difficulty with five ADLs (walking across a room, getting in and out of bed, dressing, bathing, and eating) and five IADLs (reading maps, preparing hot meals, using the phone, shopping for groceries, and managing medications). ADL and IADL limitations are both measured by asking respondents whether they have any difficulty completing each task (Chien et al., 2014) . Our outcome measures were increases in ADL and IADL limitations, modeled as "1" if the respondent has an increase in limitations between waves; "0" otherwise. This approach is similar to those used elsewhere to study disability outcomes in the HRS (Wahrendorf, Reinhardt, & Siegrist, 2013) .
Key Independent Variables
We used two key variables to assess living arrangements: household composition and housing type. Household composition was constructed as a categorical variable coded as 1 = living with spouse/partner only; 2 = living alone; 3 = living with spouse/partner and others; 4 = living with others only; "others" includes adult children in both the third and fourth categories. Values were updated at each wave. Housing type is also a categorical variable, updated each wave, coded as 1 = single-family, detached home; 2 = duplex; 3 = apartment/townhouse; 4 = mobile home/other temporary structure; 5 = apartment in a senior retirement community. We also included measures of homeownership (own vs rent/live rent-free); housing quality (respondent-reported; 1 = fair/poor and 0 = good/very good/excellent); whether the respondent has stairs in his/ her home or building (no stairs/elevator/all living space on one floor vs stairs and living space split between floors; relevant because having stairs may help to keep residents more physically active, however they may also impose impediments in the presence of mobility limitations and they may pose fall risks); presence of home modifications (safety features, such as call systems, grab bars, and special shower sheets, and special features for getting around, including ramps, railings, or wheelchair modifications); and an indicator for whether or not respondents had moved between observations.
Socioeconomic Status
We used wealth as our primary measure of SES, which combined a series of questions about financial holdings and material investments. These include questions about the value of the respondent's and his/her spouse/partner's home (after deducting any mortgage debt), other real estate, businesses or farms, checking accounts, CDs, transportation, IRAs, stocks, bonds, and other investments. Total wealth was for the respondent and spouse combined, subtracting any debt. Because of the high degree of missing for financial variables, we used RAND-provided imputed values for wealth (Chien et al., 2014) . Finally, because wealth was heavily skewed, we divided it into quintiles, focusing on the highest and lowest quintiles. We do not include income in our final models because of its high correlation with wealth and because numerous studies have found wealth to be a better assessment of financial well-being in older ages than annual income (Allin, Masseria, & Mossialos, 2009; Pollack et al., 2007) .
Covariates
We used a standard set of sociodemographic covariates, including gender (male/female), age, race/ethnicity (non-Hispanic White, non-Hispanic Black, Hispanic, or non-Hispanic other), educational attainment (less than high school, high school degree, some college, or college degree or more), and whether the respondent was born in the United States. We also included a binary measure of whether or not a respondent has a spouse/partner with a disability (compared with unmarried individuals and married individuals whose spouses do not have disability), as that is likely to affect one's own living arrangement and health trajectory. Additionally, we controlled for several health conditions, including whether the respondent had ever been diagnosed with any of eight chronic conditions (hypertension, diabetes, heart condition, psychiatric condition, cancer-not including skin cancer, stroke, arthritis, memory-related disorders), and presence of cognitive impairment (0 = no impairment, 1 = mild impairment, 2 = severe impairment), based on the Telephone Interview for Cognitive Status (Cigolle, Ofstedal, Tian, & Blaum, 2009 ). In the cases of respondents who had proxies answer for them (11%), we used a substitute measure of cognitive impairment based on the proxy rating of the respondent's memory and the interviewer's rating of the likelihood of cognitive impairment (Alzheimer's Association, 2006).
Finally, we included a 0-5 scale of mobility impairments (difficulty walking several blocks, walking one block, sitting for 2 hours, climbing several flights of stairs, and climbing one flight of stairs). Each of these conditions is asked of proxy respondents, including memory. We also controlled for whether the survey was completed by proxy report. None of our control variables had missing values of more than 3%, on average. We checked the Pearson's correlation coefficients between all analytic variables in our analysis to ensure that none presented a risk of multicollinearity and found that all of the correlation coefficients were less than 0.4, with most being much lower.
Analysis
We used chi-square tests to detect significant differences by disability status in bivariate analyses. Next, we ran timeseries logistic regression models predicting increases in ADL and IADL limitations from one wave to the next, modeled separately. By detecting an increase in disability progression, we are, in effect, controlling for baseline disability status from one wave to the next. We arranged the data by household and person id, and then chronologically (by wave). These models detect the influence of time t − 1 variables on time t outcomes, allowing us to see the influence that living arrangements have on disability risk from one wave to the next (StataCorp, 2013) . This approach adjusts estimates and standard errors to account for the fact that there are repeated observations within individuals over time. In all models, we controlled for all of the individual characteristics listed above, as well as for time (year), which was included as a continuous variable. Finally, we ran models including interaction terms between living arrangements (both household composition and housing characteristics) and wealth. On detecting significant interaction terms, we ran stratified logistic regression models by wealth quintile and present the results for the highest and lowest quintile groups. For all analyses, we used survey weights to approximate nationally representative estimates.
Additionally, because risk of death and attrition are associated with increases in functional impairment, and because bias can arise from sample attrition due to mortality or dropping out of the survey, we included a two-stage residual inclusion term to adjust for potential bias from mortality and attrition (Terza, Basu, & Rathouz, 2008) . To calculate the residual inclusion term, we modeled whether each respondent did not die or attrit between waves with a logistic regression model controlling for sociodemographic characteristics (cohort-based on age, race/ethnicity, gender, born in the United States, and educational attainment). Finally, we subtracted the predicted value of continuing in the study from whether the individual actually died or dropped out between waves. This final value, the residual term, is then included as a covariate in our fully adjusted models to reduce the risk of bias from attrition and mortality (Terza et al., 2008) . We also conducted additional sensitivity analyses to see whether our results were sensitive to the number of completed survey waves and found that they were not.
Results
Nearly one quarter (21%) of the population-weighted analytic sample aged 65 and older had at least one ADL limitation and 20% had at least one IADL limitation. Twenty-nine percent had at least one of either type of limitation. Table 1 lists the sociodemographic and living arrangement characteristics of the weighted sample. The majority were female with a mean age of 78. Eighty-six percent were non-Hispanic White, 92% were born in the United States, nearly 50% had a high school degree, and 10% had a spouse with a disability. The mean household wealth was $283,750. But there was considerable variation across older adults in financial well-being (as evidenced by the large standard deviations). Individuals with any ADL or IADL limitation were more likely to be female, older, nonHispanic Black, Hispanic, less educated, and less financially well-off than their counterparts without an ADL or IADL limitation.
For the full weighted analytic sample, the most common household composition was living with a spouse only (44%), followed by living alone (34%), with others (14%), and with spouse and others (5%; see Table 1 ). Seventyfour percent of individuals lived in a single-family home and more than three quarters owned their home. Nearly 80% of older adults in the weighted sample lived in a home with no stairs (or with an elevator) or with all living space on one floor. Few people had any modifications to (Table 1) . They were also less likely to live in single-family homes and more likely to live in mobile homes or retirement communities. They were less likely to own their homes and more likely to have modifications to their homes, to have all living space on one floor, and to rate their home quality as fair or poor. Table 2 shows the predicted probability of an increase in ADL limitations and IADL limitations by living arrangement, unadjusted and adjusted for all sociodemographic covariates. In the unadjusted models, living alone or with others was associated with an increase in ADL and IADL limitations and living in a single-family home was associated with a lower risk of disability increase, compared with living in an apartment, mobile home, or retirement community. Owning one's home was associated with a lower risk of increased disability, whereas living in a home with modifications (safety features and features to help in getting around); living in a poor-quality home; having no stairs; and having moved in the past 2 years were all associated with an increased risk of disability.
In the fully adjusted models, there were no differences in ADL risk by household composition, type of housing structure, home ownership status, or presence of stairs. However, there was slightly more variation in the probability of an increase in IADL limitations by household composition than there was for an increase in ADL limitations, although the absolute differences were relatively small. Individuals living with a spouse and others had significantly higher probabilities of an increase in IADL limitations, compared with individuals living with a spouse only (16% vs 14%, p < .05). In contrast, individuals living alone had a lower probability of an increase in IADL limitations, compared with individuals living with a spouse only (13% vs 14%, p < .01). Altogether, these results indicate that Note: ADL = activities of daily living; IADL = instrumental activities of daily living. Results are shown as predicted probabilities generated following unadjusted and fully adjusted models. Adjusted Wald test identified significant difference from reference group at ***p < .001, **p < .01, *p < .05.
IADL limitations are slightly more responsive to household composition, but not to housing type, compared with ADL limitations. Having home modifications, poor housing quality, and a recent move were all associated with a risk of increased ADL and IADL disability, even after adjusting for sociodemographic and health characteristics. In additional analyses (results not shown here), with sociodemographic and health characteristics entered separately, we found that age and wealth had the largest modifying effect on the relationship between living arrangements and disability risk. Specifically, age attenuated the relationship between living alone and disability risk and wealth attenuated the relationship between living with others and housing characteristics and disability risk. Table 3 shows the fully adjusted predicted probability of an increase in ADL and IADL limitations by living arrangement for the lowest and highest wealth quintiles (mean wealth of −$2,053 and $1,057,605, respectively). Across all types of living arrangements, the probability of an increase in ADL and IADL limitations was higher in the lowest wealth quintile than the highest quintile. In several instances, the probability of an increase in disability was at least double in the poorer group. The probability of an increase in ADL limitations was elevated for individuals living with nonspousal others in both wealth quintiles and for individuals living alone in the lowest wealth group. Those in the lowest wealth group faced an elevated risk of increased IADL limitations for individuals living alone or with nonspousal others, compared with living with a spouse only (23% vs 20%, p < .05 and 24% vs 20%, p < .05, respectively). For individuals in the highest wealth quintile, the only significant difference by household composition was that individuals living alone had a lower probability of increased IADL limitations than individuals living with a spouse only (9% vs 11%, p < .01). This indicates that living with nonspousal others and living alone have different impacts on the risk of IADL limitations, depending on one's SES. Note: ADL = activities of daily living; IADL = instrumental activities of daily living. Results are shown as predicted probabilities generated following unadjusted and fully adjusted models. Adjusted Wald test identified significant difference from reference group at ***p < .001, **p < .01, *p < .05.
Subgroup Differences by Wealth
There were no differences in disability risk by housing type in either wealth quintile. However, those in the lowest wealth quintile had an elevated risk of increases in ADL and IADL limitations if they had moved in the previous 2 years and an increased risk of IADL limitations if they had home modifications. Those in the highest wealth quintile had a lower risk of ADL limitations if they owned their home (vs renting) and a higher risk of increases both ADL and IADL limitations if they lived in poor-quality housing.
Discussion
Our results provide support for the role of household environment on the disablement process. They also support our hypotheses that different living arrangements confer differential disability risks and that risks tend to be highest for those not living with a spouse only or living in poor-quality housing. For example, we found that, on average, living with nonspousal others was associated with increased risk of disability versus living with spouse only. Furthermore, we found support for our hypothesis that the relationship between living arrangements and disability varies by SES. The poorest individuals faced higher rates of disability and greater risk of worsening disability across all types of living arrangements, compared with their more affluent counterparts. In fact, we found that SES was more strongly associated with increased risk of disability than living arrangements. In particular, we found that SES (here, accumulated wealth) is strongly related to both disability and living arrangements and it has the power to moderate the relationship between the two.
Though living with a spouse seems to confer some protective effect, many older adults do not live with a spouse because they have outlived their spouse or, in some cases, because they were never married in the first place. Those living with a spouse only tend to be younger, healthier, and more affluent. Policy makers need to find ways to emulate the supportive resources afforded by having a live-in partner. For older adults living alone or with nonspousal others, this might mean providing additional in-home supports that might otherwise be provided by a partner. We found that low-SES older adults were more likely to live with nonspousal others. Moreover, for low-SES adults, living with nonspousal others was associated with an elevated risk of increased ADL and IADL disability. In contrast, for high-SES older adults living with nonspousal others, there was no significant relationship between living arrangements and risk of increased ADL disability. The population of older adults living with nonspousal others constitutes a growing, but understudied, population (Taylor et al., 2010) . Our results highlight diversity within the population of people living with nonspousal others that should be explored further. Our results also demonstrate the importance of modeling ADL and IADL disability separately, as we found different impacts of living arrangement on disability, depending on which we modeled.
Another notable finding was around the risk of disability for individuals living alone. Living alone is increasingly a focus of research (Klinenberg, 2012) , as the population of individuals, including older adults, living alone is growing and there is some uncertainty about how well-equipped our society is to support them in doing so (Klinenberg, 2012;  The Federal Interagency Forum on Aging-Related Statistics, 2010). Living alone is traditionally considered a vulnerable status, associated with higher rates of poverty, worse health outcomes, and worse quality of life (Gurley, Lum, Sande, Lo, & Katz, 1996; Henning-Smith, 2016a; Klinenberg, 2012 ). Yet, in fully adjusted models, we found no elevated risk of an increase in ADL disability for individuals living alone and we actually found evidence of a decreased risk of worsening IADL disability, compared with individuals living with a spouse only. This is not the first study to identify a protective health effect associated with living alone (Michael et al., 2001) . The relationship between living alone and better outcomes may be indicative of a selection effect: people who are able to remain living independently have a different health profile that allows them to do so. We also found important differences by SES. The poorest older adults actually had an increased risk of both ADL and IADL disability if they lived alone, whereas the protective effect of living alone on the risk of IADL disability held for the most affluent older adults. This suggests that living alone is not always risky for health and that it may be a very different experience, depending on one's access to resources, including wealth, instrumental and caregiver support, and household physical environment.
We found limited evidence for a relationship between housing type and disability risk; however, we found that the characteristics of one's home are significantly associated with increases in disability. In particular, living in a home with modifications (safety features and features to help with getting around) was associated with an increased risk of both ADL and IADL disability, contrary to our original hypothesis. This may be reflective of a selection effect: Those with the greatest known risk of increased disability may modify their homes or move in anticipation of declining health (Koss & Ekerdt, 2016) . We also found, though, that living in poorer quality housing and having moved recently were associated with greater risk of increased disability, whereas owning one's home (vs renting) was associated with a decreased risk of disability. These findings confirm our hypothesis that a more stable relationship with one's home (e.g., not having moved recently and owning one's home vs renting) is associated with lower risk of disability. This should raise concern that older adults in more transient and poorer quality housing face the greatest risks of increasing disability, and research has shown that particularly vulnerable older adults (older, female, low SES) are the most likely to live in poor-quality homes (Golant, 2008) , potentially exacerbating existing disparities.
Although this study adds detailed findings on the relationships between disability and household environment to the literature, it should be considered in light of its limitations. Respondents in the HRS are only observed every 2 years, which may not allow for enough detail to truly understand the nuanced relationships between disability and living arrangements. Additionally, although we addressed the issue of selection bias from mortality and attrition in the longitudinal design, it is possible that there are other unobserved measures that lead to both a risk in dropping out of the study and a risk of disability or change in living arrangements. Furthermore, we are unable to completely address the selection effects inherent in the relationship between living arrangements and disability. Although we are able to observe people over time to determine the temporal relationship between their living arrangements and their functional status, we cannot disentangle all of the processes related to selecting into a particular living arrangement. Older adults with a greater risk of disability based on factors beyond their living arrangement may purposefully select in to housing that can support them as they age; we see this in the results indicating that having safety features is associated with an increased risk of disability. Still, this study adds richness to our knowledge of the relationship between living arrangements and disability beyond what was already known, owing to its nationally representative sample, its longitudinal, prospective design with a long follow-up period, and consistent measures over time. Furthermore, this study uses multiple dimensions of living arrangements and models ADL and IADL disability separately, all of which helps to better illuminate the specific relationships involved.
The diversity of living arrangements for older adults with disabilities reinforces the point that one-size-doesnot-fit-all when it comes to housing policy and home-and community-based services for older adults. Instead, policies and programs should be adapted to meet older adults where they are. Policy makers should also use these results to gain a clearer understanding of where older adults with disabilities are most likely to live and where the risk of increasing disability is greatest, in order to target resources toward those populations. Programs, such as Medicaid waiver home and community-based services, should take older adults' living arrangements, and the advantages and risks they pose, into account when formulating care plans (Weaver & Roberto, 2015) . Ultimately, policy is unlikely to prevent all disability among older adults. Instead, the goal should be to increase autonomy and well-being of all older adults, regardless of disability status.
Conclusion
In this study, we found a strong relationship between living arrangements and disability for older adults. Older adults with disabilities were more likely to live alone and with nonspousal others. They were also more likely to live in rented homes, poor quality housing, mobile homes, and apartment buildings. We found a subsequent increased risk of worsening disability associated with many of those living arrangements. Subgroup analyses revealed significant differences by SES. The poorest older adults had the highest rates of disability and were the most likely to live in potentially unsupportive housing situations. Ultimately, this study identified a broad range of living arrangements for older adults with disabilities, while highlighting the importance of access to resources to make one's living arrangement supportive for aging well.
